This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



if 



i 



Eur putsches European Office europgen 

Patentamt Patent Office des brevets 



Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingereichten 
Fassung der auf dem n3ch- 
sten Blatt bezelchneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen sped ft ee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

02025323.3 



'EXPRESS MAIL" LABEL MP.: £l 9ffQ^a ^/^irj $ 




ATAKYTHE TO DEPOSIT 



Der President des Europaischen Patentamts: 
im AuTtrag 

For the President of the European Patent Office 

Le President de I 'Office europeen des brevets 
p.o. 



RCvan Dijk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 



\ 




Euro putsches 
Paten taint 



European 
Patent Office 



Office europeen 
des brevets 



An me 1 dung Nr: 

Application no.: 03002520.9 
Demande no: 



Anmeldetag: 
Date of filing: 
Date de depot: 



05.02.03 



Anmel der/Appl 1 can t( s )/Demandeur ( s ) : 

BorgWarner Inc. 

3800 Automation Avenue, 

Suite 100 

Auburn Hills, 

Michigan 48326-1782 

ETATS-UNIS D'AMERIQUE 

Bezelchnung der Erf 1ndung/Tl tie of the 1nvent1on/T1 tre de V Invention: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun tltre n'est indlque se referer a la description.) 

Pre-whirl generator for radial compressor 

In Anspruch genornmene Pr1oH&t( en) / Priori ty( les) claimed /Pr1or1t6(s) 
revend1quee( s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Numero de depot: 



Internationale Patentklasslf 1kat1on/Internat1ona1 Patent Classification/ 
Classification Internationale des brevets: 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flllng/Etats contractants designees lors du depot: 



AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT SE SI SK TR LI 



F04D/ 



03002520.9 
EPA/EP0/0EB F rro 1014.2 - 01.2000 



2 



7001014 



13-U-OZ 



11:07 De:NOVAPAT 



+4122-9790960 

1 



T-787 P. 09/49 Travail 



PRE WHIRL GENERATOR 
FOR RADIAL COMPRESSOR 



5 Field of the Invention 

The present invention relates to turbochargers for internal combustion engines and 
more particularly to an arrangement for prewhirling supply air as it enters the inlet of a 
radial compressor, which compressor forms a part of the turbocharger. 



10 Background of the Invention 

Turbochargers are widely used on internal combustion engines, and in the past have 
been particularly used with large diesel engines, especially for highway trucks and marine 
applications. Tn distinction to superchargers, which derive their power directly from the 
crankshaft of the engine, turbochargers are driven by the engine exhaust gases. Exhaust 
1 5 gases are directed to and drive a turbine,, and the turbine shaft is connected to and drives 
the compressor. Ambient air is compressed by the compressor and fed into the intake 
manifold of the engine. 

More recently, in addition to use in connection with large diesel engines, turbo- 
' 20 chargers have become popular for use in connection with smaller, passenger car power 
plants. The use of a turbocharger in passenger car applications permits selection of a 
power plant that develops the same amount of horsepower from a smaller, lower mass en- 
gine. Using a lower mass engine has the desired effect of decreasing the overall weight of 
the car, increasing sporty performance, and enhancing fuel economy. Moreover, use of a 
253 turbocharger permits more complete combustion of the fiiel delivered to the engine, 

thereby reducing the hydrocarbon emissions of the engine, which contributes to the highly 
desirable goal of a cleaner environment. 



Fixed geometry turbochargers arc normally designed to operate at peak efficiency at 
30 a particular engino speed and load. Smaller passenger car engines are normally operated 
over a wide range of engine speeds arid load. When a turbocharger is operated over a wide 
range of engine speed and load, the turbocharger components function outside the optimum 
design range and consequently suffer loss of efficiency that adversely affects engine per- 
formance. In operation of a lurbocharger employing a radial compressor, it is known that 
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prewhtrling the supply air to the compressor can have beneficial effects in both broadening 
the efficient operating range of the compressor and increasing its efficiency. Both positive 
and negative prewhirl can be used to achieve these desired effects. 



5 An early attempt at choking the flow of air entering a compressor is shown in U.S. 

Patent No. 3,723,021 to Bartholomew. That patent shows a flow choking arrangement for 
the intake of an axial flow primary compressor such as are used in connection with an axial 
flow gas turbine engine. A flexible vane is fixed at its leading edge and is deflected side- 
ways along the circumference of a cylindrical intake channel. The radially outer corner of 
10 the trailing edge of the vane is fixed to a rotating disk that is in turn pinned into a cylindri- 
cal ring in the outer wall of the channel. The rotating disk twists the vane, and the pin ro- 
tates within the ring, as the ring moves circumferentially. The rotating disk rotates to ac- 
commodate the reduced axial length of the vane in its deflected position. The radially 
outer edge of the vane is cut away to prevent interference with the wall of the cylindrical 
1 5 channel when the vane is deflected. This complicated arrangement permits limited deflec- 
tion of the trailing edge of the vane, is prone to jamming and involves excessive friction to . 
operate, and the offset attachment of the vane to the rotating pin permits deflection of the 
vano in only one direction. This system is very complicated, has many moving parts, and 
very limited utility. It appears to be a complex, expensive structure intended for use on a 
20 large expensive turbine engine in which prewhirl in both positive and negative directions is 
not considered. 

The benefits of prewhirling supply air to a radial compressor in both a positive and 
negative direction were discussed more fully in a paper published in the Proceedings of the 

25 Institute of Mechanical Engineers, Vol. 189 43/75 (March, 1975), titled "Experimental and 
Theoretical Performance of a Radial Flow Turbocharger Compressor wi th Inlet Prewhirl," 
by Wallace, Whitfield and Atkey. In that paper, Wallace, et al. suggested that positive 
prewhirl, that is, generating a prewhirl of the intake air having a tangential component of 
velocity in the same direction as the impellor rotation, can broaden the operating range of a 

30 turbocharger by moving the surge line of the compressor map to a lower mass flow rate. 
The surge line of a compressor map defines the lowest flow rate at which a compressor can 
operate in a stable condition. At flow rates below the surge line, a compressor will vibrate . 
violently and cease useful operation. Moving the surge line of a compressor to a lower 
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mass flow rate permits stable operation at lower flow rates and engine speeds. This allows 
efficient and stable operation of a turbocliarger at, for example, engine "lugging" speed. 
Wallace et al. also suggests that higher compressor efficiency can be achieved by imposing 
a negative prewhirl at high operating speeds. 

5 

U.S. Patent No. 3,922,108 to Benisek discloses an apparatus that generates positive 
prewhirl by providing fixed vanes adjacent the compressor inlet. The Benisek device var- 
ies the volume of supply air that passes over those vanes by throttling a central unvaned 
passage with a butterfly valve, thereby varying the amount of prewhirl supplied to the 
10 compressor. 

In U.S. Patent No. 4,780,055 to Zloch et al., a plurality of circular sections are pivo- 
tally arranged in the compressor intake channel to restrict flow therein. The sections are 
not intended to generate prewhirl. In fact, Zloch et a!, states that the flow channel is nar- 
15 rowed after the restrictor sections to generate an accelerated jet flow that suppresses wake 
disturbances from the circular resuictor sections to provide a uniform inlet flow to the 
compressor rotor disk. 

Other patents showing a choking vane structure for modifying the inflow of gas to a 
20 radial compressor in a refrigeration device are U.S. Patent No. 3,667,860 to Endress et al. 
and U.S. Patent No. 6,039,534 to Stoner et al. Stoner shows two sets of fixed vanes, the 
first of which deflects the gaseous refrigerant flow a little, and the second deflects it more. 
In addition, U.S. Patent No. 5,096,374 to Sakai et al. shows a choking mechanism for a 
turbo-compressor having a very complicated external circumferential ring linked to actuat- 
25 ing shafts extending into the intake channel. None of these references mentions whether it 
is intended to generate, or is capable of generating, positive and/or negative prewhirl to the 
compressor inlet. 

> 

Lastly, U.S. Patent No. 5,560,208 to Halimi et al. refers to the Wallace et al. paper 
30 cited above and suggests that means should be provided on the compressor intake to switch 
from positive to negative prewhirl, but no structure to accomplish this desired end is dis- 
closed or suggested. 
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Summary of tho Inventi n 

It is therefore a primary object of the present invention to provid a simple and ef- 
fective means of enhancing the performance of a turbocharger by selectively generating 
5 either positive or negative prewhirl of supply air to a radial compressor of the turbocharger 
as required by varying engine operating modes. 

Another object of the invention is to provide a turbocharger performance enhancing 
apparatus that is lightweight, easy to manufacture and durable in operation. 

10 

In accordance with the present invention, these and other objects are achieved by 
providing deformable air deflecting vanes adjacent the inlet of a radial air compressor, 
which vanes can be mechanically deformed to generate positive or negative prewhirl flow 
to the compressor, or to create an absence of any prewhirl flow to the compressor. In a 

1 5 first embodiment of the invention, a minimum number of parts are used to position one or 
more thin deformable vanes in the intake channel leading to the inlet of a radial compres- 
sor. The thin vanes in their undeflected position do not deflect the incoming air, thereby 
causing little or no flow restriction. In order to achieve the desired positive or negative 
prewhirl flow of air to the compressor, the leading edge of the vane or vanea is fixed to the 

20 flow channel housing, and the trailing edge is deflected transverse to the direction of flow 
in the channel in either the positive or negative direction. This can be accomplished by a 
tab projecting from the radially outer corner of the trailing edge of the vane, which tab is 
received in a slot in an annular ring, the inner wall of which forms a portion of the flow 
channel. Alternatively, a pair of tabs can be formed on the ring receiving the trailing edge 

25 of the vane between the tabs. With either arrangement, when the ring is rotated slightly in 
either direction, the vane or vanes are deflected to cause either positive or negative pre- 
whirl flow into the compressor. Preferably, the ring is positioned in a frusto-spherical por- 
tion of the intake channel where the diameter of the channel is decreased to present a high 
velocity flow of air to the compressor. This geometry of the intake channel allows the 

30 vanes to have a shape that adheres to the wall of the channel throughout their wide range of 
deflection. With this arrangement, the objects of the invention are achieved by a mecha- 
nism having only four basic parts: a prewhirl generator housing, an annular rotating ring, a 
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pinion gear to control rotation of the ring, and a central vane carrier positioned in the intake 
channel of the compressor. 

In an alternative form of the above embodiment, the vane carrier and housing are 
5 arranged to telescope toward and away from one another axially. The vane carrier can be 
moved toward and away from the housing by a rack gear formed on the outer shell of the 
vane carrier cooperating with a pinion gear mounted on the prewhirl generator housing. 
Alternatively, the vane carrier can be fixed with respect to the housing, and a sleeve within 
the housing can be moved toward and away from the vane carrier by similar means. With 
10 the former arrangement, the prewhirl generator of the present invention can be formed of 
only three basic parts: a housing, and a vane carrier driven by a pinion gear. 

The leading edges of the vanes are fixed to the outer shell of the vane carrier, and 
the trailing edges of the yanes are received in grooves formed in the housing. The grooves 

!5 are formed at an angle to the axis of the intake channel and thus assume a helical shape in 
the housing. By moving the vane carrier axially away from the housing, the vanes are de- 
flected to form a prewhirl flow in a first prewhirl direction, for example, a negative direc- 
tion. By moving the vane carrier toward the housing, the deflection of the vanes in the first 
prewhirl direction is reduced until, at an intermediate point in its full telescopic stroke, th 

20 vanes assume a neutral position, and no prewhirl is generated. By moving the vane carrier 
still further toward the housing, the vanes are deflected in the opposite direction to generate 
a prewhirl flow in a second, opposite direction, for example, a positive direction. 

The preferred form of this embodiment of the invention is the one in which the 
25 vane carrier is moved toward and away from the housing. This is because it permits the 
vane carrier (and the vanes) to be placed nearest the intake of the compressor when the 
greatest deflection of the incoming air is needed. That is, the geometry of the grooves in 
the housing can be arranged to create a relatively weak negative prewhirl when the vane 
carrier is moved away from the housing and a very strong positive prewhirl when the vanes 
30 are moved toward the housing. In this way, a negative prewhirl is generated with very lit- 
tle obstruction of the intake passage during high flow rate operating conditions when only 
a weak negative prewhirl is required, and a veiy strong positive prewhirl can be generated, 
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with the vanes close to the compressor intake, when a strong prewhirl is desired during low 
flow rate conditions. 

In another alternative embodiment of the invention, where the intake channel is 
5 generally perpendicular to the axis of the compressor, a pair of deformable vanes can be 

provided along the interior wall of the intake channel to a radial compressor. In their unde- 
t. : fleeted position, the vanes allow undisturbed flow to the compressor inlet. By mechani- 
cally deflecting the trailing edge of a first vane into the intake flow channel, prewhirl flow 
can be generated in a first prewhirl direction. By releasing the deflection of the first vane 
10 allowing it to return to its undeflected position, and mechanically deflecting the trailing 
edge of a second vane into the intake flow channel, prewhirl flow can be imparted to the air 
entering the compressor in a second prewhirl direction. With this arrangement, any desired 
prewhirl, positive or negative, can be generated by selectively actuating one or the other of 
the two vanes. In a specialized circumstance where it is desired to generate prewhirl in 
15 only one direction, a single vane can be employed. 

Turbochargers of the type with which the prewhirl generating assembly of the pre- 
sent invention arc typically associated arc normally employed in an automotive environ- 
ment. In this environment, it is a common problem that space in the engine compartment 

20 is limited. It is also typical in this environment that all air supplied to a turbocharger com- 
pressor must first pass through an air filter to remove any particulate matter that might 
damage the turbocharger and/or the engine with which it is associated. Due to space limi- 
tations, it is frequently possible that these components cannot be located together in the 
engine compartment, and as a result, the air filter may need to be located in a remote posi- 

25 tion from the turbocharger compressor inlet. In this common situation, the tubing or con- 
duit from the air filter to the compressor may be circuitous, and as such, may set up an in- 
advertent and unwanted prewhirl motion to the air in the passage in an unknown direction. 
In order to compensate for this problem, it is preferred to include a central stabilizing di- 
vider wall in the intake channel upstream of the prewhirl generator. The purpose of this 

30 divider wall is to negate any inadvertent or undesired prewhirl that may have been gener- 
ated by the shape of or turns in the air conduit leading to the compressor so that the pre- 
whirl actually supplied to the compressor is more reliable and effective. 
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In yet another alternative embodiment of the invention, the g nerally perpendicular 
intake channel leading to the compressor inlet is arranged eccentrically to the compressor 
inlet, and a single deformable vane is provided along the wall of the intake channel furthest 
from the center of the compressor wheel. With the vane in its undeflected position, the 
5 supply air will form a vortex, or prewhirl, in a predetermined direction, for example, a 
negative prewhirl. When the vane is partially deflected, the vortex prewhirl will be sub- 
stantially suppressed, eliminating any prewhirl to the compressor. As the vane is deflected 
further, it will generate a prewhirl motion to the incoming air in a direction opposite to the 
previous undeflected vortex, or in this example, a positive prewhirl. As mentioned above, 
10 this arrangement can be constructed so that the natural vortex, which is relatively weak, 
can be a negative prewhirl so that a weak negative prewhirl is associated with an open 
channel permitting maximum flow, and maximum positive prewhirl is generated by a fully 
deflected vane at relatively low flow rates. 

is In all of the above embodiments, the apparatus employed to practice this invention 

is relatively easy to manufacture and has few moving parts. Accordingly, the present in- 
vention provides a performance-enhancing device that is lightweight, adding little to the 
overall mass of a vehicle engine, and is durable in operation. 

20 These and other aspects of the invention will be more apparent from the following 

description of the preferred embodiments thereof when considered in connection with the 
accompanying drawings and appended claims. 

Brief Description of the Drawings 

25 The present invention is illustrated by way of example and not limitation in the ac- 

companying drawings in which like references indicate similar parts, and in which: 

FIG. I is a front elevational view, taken in section, of the prewhirl generator of the 
present invention, shown in connection with a radial compressor of a turbocharger; 

30 

FIG. 2 is a left side elevational view of the prewhirl generator of FIG. 1, showing 
the prewhirl generating vanes in their undeflected position; 
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FIG. 3 is a left side elevational view as in FIG. 2, but showing the prewhirl generat- 
ing vanes in a deflected position; 

FIG. 4 is an elevational view of an alternative vane for use in connection with the 
5 present invention; 

FIG. 5 is a left side elevational view, taken partly in section, of the alternative vane 
of FIG. 4 shown in its relation to a slot in an annular actuating ring; 

FIG, 6 is an elevational view of yet another alternative vane for use in connection 
with the present invention; 

FIG. 7 is a left side elevational view, taken partly in section, of the alternative vane 
of FIG. 6 shown in its relation to a slot in an annular actuating ring; 

FIG, 8 is a view taken along line 8-8 of FIG. 6 illustrating a feature of the vane of 

FIG. 6; 

FIG. 9 is an elevational view of yet another alternative vane for use in connection 
20 with the present invention; 

FIG. 10 is a sectional view taken along line 10-10 of FIG. 9 illustrating a feature of 
the vane of FIG. 9; 

25 FIG. 11 is an elevational view of yet another alternative vane for use in connection 

with the present invention; 

FIG. 12 is a view, taken along line 12-12 of FIG. 1 1 , of the alternative vane of FIG. 
1 1 shown in its relation to a fork extending from an annular actuating ring; 

30 

FIG. 13 is a view taken along line 13-13 of FIG. 12 illustrating a feature of the vane 
and actuating means of FIGS. 1 1 and 12; 
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FIG. 14 is a front elevational view, taken in section, of an alternative embodiment 
of the prowhirl generator of the present invention; 

FIG. 15 is left side elevational view of the prewhirl generator of FIG. 14, showing 
5 the prewhirl generating vanes in their undeflected position; 

FIG. 16 is a front elevational view, taken in section, of the prewhirl generator of 
FIG. 14, but showing the prewhirl generating vanes deflected in a first direction; 

10 FIG. 17 is left side elevational view of the prewhirl generator of FIG. 16, showing 

the prewhirl generating vanes deflected in a first direction; 



FIG. 18 is a front elevational view, taken in section, of the prewhirl generator of 
FIG. 14, but showing the prewhirl generating vanes deflected in a second, opposite direc- 
15 tion; 

FIG. 19 is left side elevational view of the prewhirl generator of FIG. 18, showing 
the prewhirl generating vanes deflected in a second direction; 

20 FIG. 20 is a front elevational view, taken in section, of another alternative embodi- 

ment of the present invention, shown in connection with a turbocharger compressor; 

FIG. 21 is a left side elevational view, taken in section, of the prewhirl generator of 
FIG. 20, showing the prewhirl generating vanes in their undeflected position; 

25 

FIG, 22 is a left side elevational view of the prewhirl generator of FIG. 21, but 
showing a first vane in a deflected position; 

FIG. 23 is a left side elevational view of the prewhirl generator of FIG. 21, but 
30 showing a second vane in a deflected position; 

FIG. 24 is a perspective view of the deflecting actuator shown in the embodiments 
of FIGS. 21,22, and 23; 
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FIG. 25 is a left side elevations! view, taken in section, of a prewhirl generator as in 
FIG. 21, but having only a single prewhirl generating vane and showing the prewhirl gen- 
erating vane in its undeflected position; 




5 



FIG. 26 is a left side elevational view, taken in section, as in FIG. 25, but showing 
the prewhirl generating vane in a deflected position; 

FIG. 27 is a fragmentary sectional view of the intake channel of the prewhirl gen- 
10 erator of FIGS. 21 and 25, showing an alternative deflecting vane and actuator, with the 
vane in an undeflected position; 

FIG. 28 is a fragmentary sectional view as in FIG. 27, but showing the deflecting 
vane in a deflected position; 

15 

FIG. 29 is a fragmentary sectional view of the intake channel as in FIG. 27, show- 
ing a pair of alternative deflecting vanes and actuators, with a first vane in a deflected posi- 
tion, and a second vane in an undeflected position; 

20 FIG. 30 is a fragmentary sectional view as in FIG. 29. but showing the first vane in 

an undeflected position, and the second vane in a deflected position; 

FIG. 31 is a fragmentary sectional view of the intake channel as in FIG. 27, show- 
ing another pair of alternative deflecting vanes and actuators, with both vanes in an unde- 
25 fleeted position; 

FIG. 32 is a fragmentary sectional view as in FIG. 31, but showing the first vane in 
a deflected position, and the second vane in an undeflected position; 

30 FIG. 33 is a fragmentary sectional view as in FIG. 31, but showing the first vane in 

an undeflected position, and the second vane in a deflected position; 
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FIG. 34 is a left side elevational view, taken in section, of a further embodiment of 
the present invention in which the intake channel to the compressor is eccentric to the 
compressor inlet, and a single defonnable deflector is shown in an undeflected position; 

5 FIG. 35 is a left side elevational view, taken in section, as in FIG. 34. but with the 

deflector shown in a partially deflected position; and 

FIG. 36 is a left side elevational view, taken in section, as in FIG. 34, but with the 
deflector shown in a fully deflected position. 

10 

Detailed Description of the Preferred Embodiment 

A turbocharger compressor assembly is generally shown at 10 in FIG. 1 and is 
comprised of a compressor body 12 which houses a compressor wheel 14 rotatably 
mounted within the compressor body on a central rotating shaft 16. In a turbocharger, the 
15 shaft 1 6 is normally driven by a turbine (not shown) that is powered by exhaust gases from 
an internal combustion engine (also not shown) in a conventional and well known manner. 
The engine is the recipient of compressed air from the compressor assembly 1 0. 

The compressor 10 is illustrated as a radial centrifugal compressor receiving air at 
20 an inlet 1 8 and driving that air radially over impellers 20 formed on the compressor wh el 
1 4 into a circumferential outlet channel 22 foimed in the compressor body 12, which chan- 
nel leads to the compressor outlet 24. The outlet 24 is in direct communication with the air 
intake of the internal combustion engine with which the turbocharger compressor assembly 
1 0 is associated. 

25 

For the purpose of generating prewhirl of supply air to the compressor inlet 1 8, a 
prewhirl generating assembly is provided and indicated generally at 26 in FIG. 1. The pre- 
whirl generating assembly 26 is affixed to the compressor body 12 adjacent the compressor 
inlet 18, and is comprised of a prewhirl assembly housing, indicated generally at 28, an 
30 annular rotalable ring 30, and a vane carrier assembly 32. The interior surface of the pre- 
whirl housing 28, the ring 30, and the vane carrier 32 combine to form an intake channel 
34 for conducting air to the compressor inlet 18. In the embodiment of die invention 
shown in FIG. I, the prewhirl assembly housing 28 is itself comprised of two separate 
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pieces; an outer housing section 36, and an inner section 38 that is connected to the com- 
pressor body 12 at the compressor inlet 18. These pieces are connected together by con- 
ventional means. For example, the outer housing section 36 is affixed to the inner section 
38 by a series of threaded fasteners 40, and the outer housing section 36 is also connected 

5 to the compressor body 12 by a series of fasteners 42. Similarly, the vane carrier assembly 
32 is secured to the outer housing section 36 by a series of fasteners 44. It is understood 

- * that because space under the hood of a motor vehicle is very limited, at least some of the 
prewhirl housing 28 could be formed integrally with the compressor body 12 to conserve 
space, rather than the bolt-on housing shown in FIG. 1 . 

10 

The vane carrier assembly 32 includes an array of prewhirl generating vanes 46 that 
are arranged axially about a central axis cowling 48 mounted axially and centrally located 
in the prewhirl generating assembly 26 and in alignment with the shaft 1 6 of the compres- 
sor wheel 14. The vanes 46 are thin in construction and in their natural undeflected posi- 

15 tion are also arranged axially in the intake channel 34 so as not to deflect or significantly 
resist flow of air into the compressor inlet 18. The cowling 48 serves to accelerate the air 
moving through the channel 34 and does not permit the air flow to impinge upon the end of 
the compressor wheel shaft 16, thereby permitting a uniform flow of air to the compressor 
inlet 1 8. Preferably, the vanes 46 are formed of thin sheet metal and are molded integrally 

20 into the central cowling 48 and the outer shell 50 of the vane carrier assembly 32. The 
vanes 46 include a tab 52 at the radially outer comer of the leading edge of each vane 46 
that is molded into the outer shell 50 of the vane carrier assembly 32. In this way, the outer f 
shell 50, the vanes 46, and the cowling 48 are formed into a unitary vane carrier assembly 
32, for purposes of assembling the prewhirl generating assembly 26. 

25 

The radially outer edge 54 of the vanes 46 are formed as a section of a circle to con- 
form with the shape of, and be spaced very slightly from, the inner surface 56 of the annu- 
lar rotating ring 30, which is frusto-spherical in shape. The frusto-spherical shape of the 
inner surface 56 serves to allow close adherence of the outer edge 54 of the vanes 46 to the 
30 intake channel 34 when they are deflected, as will be described in more detail hereinafter. 
Also, the frusto-spherical shape of the surface 56 serves to reduce the diameter of the 
channel 34 and therefore accelerate the flow of air into the compressor inlet 18. A substan- 
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tial portion of th radially inner edge 58 of the vanes 46, nearest the trailing edge thereof, is 
spaced slightly from the central cowling 48 to permit deflection of the vanes 46. 

The leading edge 60 of the vanes 46 is shown as being linearly swept forward from 
5 the central cowling 48 out to the inner wall of the intake channel 34. Similarly, the trailing 
edge 62 of the vanes 46 is shown as being linearly swept back from the cowling 48 to the 
inner surface 56 of the ring 30. It will be understood that any other geometry of the lead- 
ing and trailing edges 60 and 62 of the vanes 46 could be employed. For example, the 
leading and trailing edges 60 and 62 could be straight and perpendicular to the axis of the 
10 cowling 48, or either edge could be perpendicular while the other is swept forward or back. 
In addition, either or both edges could be curved, either forward or back. While any com- 
bination of straight, swept, or curved shapes of the leading and trailing edges 60 and 62 
could be used, the preferred embodiment is illustrated in FIG. 1. 

1 5 In order to allow lateral deflection of the vanes 46 to produce deflection of the air 

flowing through the channel 34 and thereby create the desired positive or negative prewhirl 
at the inlet 18., a tab 64 is formed extending from the outer edge 54 of the vanes 46 adjacent 
their trailing edge 62, The tab 64 is received in a generally axial slot 66 formed in the in- 
ner wall of the annular ring 30. If desired, the generally axial slot 66 can be curved so that 

20 it is not perfectly axial in order to achieve any desired form of the deflected vane 46. : In 
order to create even deflection of the vanes 46 and to prevent binding of the tab 64 in the 
slot 66, the tab 64 and the trailing edge 62 of the vanes 46 are preferably reinforced by an 
increased thickness portion 68 along the trailing edge of the vanes 46, and the tab 64 in- 
cludes two hemispherical bearings 70 arranged to contact the walls of the slots 66 and 

25 permit twisting of the tabs 64 within the slots 66. In addition, to position the annular ring 
30 in the housing 28 and to permit rotation thereof with respect to the housing, the annular 
ring 30 has three bearing faces. At its leading edge, the ring 30 contacts the outer shell 50 
of the vane carrier 32. At its outer periphery, the ring 30 contacts the outer housing section 
36, and at its trailing edge, the ring 30 contacts the inner section 38 of the housing 28. 

30 

With this arrangement, the actual deflection of the vanes 46 to create either a posi- 
tive or negative prewhirl is accomplished by rotating the annular ring 30 in either a clock- 
wise or counterclockwise direction (as viewed from the left in FIG. 1). Rotation of the ring 



Pmnf anE*7Pi t 13.Nnv. 11:03 



13-11-02 



11:11 De:NOVAPAT 



+4122-9790960 

14 



T-787 P. 22/49 Travai 1-068 



30 is accomplished by a beveled pinion gear 72 that cooperates with a beveled gear section 
74 on the periphery of the ring 30. The pinion gear 72 is mounted on a shaft 76 that oan be 
rotated by an arm 78. The arm 78 can be moved by any suitable means (not shown) in or- 
der to accomplish the desired rotation of the ring 30 in either the clockwise or counter- 
5 clockwiae direction. For example, the arm 78 can be attached to or be part of a mechanical 
linkage actuated by an electro-mechanical or pneumatic actuator, or a suitable actuating 

i r device, such as a servo-motor, could be attached directly to the shaft 76. This simple vane 
adjustment mechanism is much less complicated than systems shown in the prior art and 
can be actuated in either direction quickly and easily with a minimum of resistance or fric- 

10 tion. 

When the ring 30 is rotated to deflect the vanes 46, the tab 64 will follow the ring 
30 by virtue of being trapped in the slot 66 and the vanes 46 will bend in the direction of 
rotation of the ring 30. While the vanes 46 are bending in the direction of rotation of the 
15 ring 30, the tab 64 will migrate along the slot 66 toward the leading edge of the vanes 46 
(to the left in FIG. 1). With this arrangement, any desired amount of deflection of the 
vanes 46 can effected in either the positive or negative prewhirl direction. 

It should be noted that any number of vanes 46 could be used to accomplish the 
20 desired positive or negative prewhirl of air to the compressor. A single vane 46 could be 
employed to achieve the desired effect, but that arrangement is not preferred in the em- 
bodiment of the invention illustrated in FIG. 1. Two or more vanes 46 are preferred, and in 
the embodiment illustrated in FIGS. 1-3. seven vanes 46 are shown. 

25 It should also be noted that far fewer parts are required to construct the prewhirl 

generating device of the present invention than in the more complicated and expensive 
structures shown in the prior art. In fact, this embodiment of the invention includes only 
four basic operative parts: the prewhirl assembly housing 28, the annular rotatable ring 30, 
the beveled pinion gear 72, and the integral vane carrier assembly 32. Also, the stationary 

30 housing 28 of the present invention is bolted directly to the stationary compressor body 1 2 
without any direct connection to the rotating parts of the compressor such as the compres- 
sor wheel 14. Accordingly* fewer parts need to be sealed with expensive seals designed to 
withstand a high-speed rotary interface. Because such seals wear out quickly, the prewhirl 
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generator of the present invention is not only relatively inexpensive to manufacture, but is 
far more reliable and durable in operation, is less expensive to maintain, and will experi- 
ence far Jess gas leakage than prior art devices.. 

5 FIG, 2 is a view taken from the left side of the prewhirl generating assembly 26 of 

FIG. 1 and shows the vanes 46 in their undeflected position. From this view it can be seen 
that the vanes 46 are very thin and offer little or no resistance to the flow of air to the inlet 
18 of the compressor. Also, the tabs 64 and hemispherical bearings 70 can be seen received 
in the slots 66 in the annular ring 30. 

10 

In FIG. 3 the annular ring 30 has been rotated in a clockwise direction, and the 
vanes 46 have been deflected to cause air flowing through the channel 34 to generate a 
clockwise prewhirl as it enters the inlet 18 of the compressor. As seen in FIGS. 2 and 3 the 
compressor wheel 14 rotates in a clockwise direction and the compressor outlet 24 is on the 
15 left side of the compressor. Accordingly, the deflection of the vanes 46 shown in FIG. 3 
would produce a positive prewhirl of air supplied to the compressor inlet 18. 

It will be appreciated that the annular ring 30 could just as easily be rotated in a 
counterclockwise direction as viewed in FIG. 3, causing the vanes 46 to be deflected in the 

20 opposite direction than that shown in FIG. 3, and generating a counterclockwise, or nega- 
tive, prewhirl to the air entering the compressor inlet 18. The amount or deflection is not 
limited to the amount shown in FIG. 3. Rather, the amount of deflection is limited only by 
the length of the slot 66 in the ring 30 and can be designed for any desired amount of de- 
flection. Also, by simply turning the arm 78 in one direction or another, the vanes 46 can 

25 be changed from providing an extreme positive prewhirl to an extreme negative prewhirl, 
or any position in between, quickly and easily as demanded by engine performance re- 
quirements. 

FIG. 4 shows an alternative prewhirl generating vane 80, similar to the vanes 46, 
30 but having only a reinforced portion 82 and no hemispherical bearings 70. The vane 80 is 
shown as being formed separately from the central cowling 48, but it could be formed inte- 
grally with the cowling 48 and outer shell 50 of the vane carrier assembly 32. as are the 
vanes 46. This is also true of the alternative vanes shown in FIGS. 6-13 below. As can be 
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seen in FIG, 5, the reinforced portion 82 of the vane 80 is slightly thinner than the width of 
th slot 66 so the portion 82 can twist and move axially within the slot 66 when the vane 
SO is deflected for generating prewhirl. If desired, the outer end of the reinforced portion 
82 can have an oval or elliptical cross section (as viewed from the top in FIG. 5) to ac- 
5 commodate this motion. 

Another alternative prewhirl generating vane 84 is illustrated in FIGS. 6, 7 and 8 
and is similar to vane 80 in that it is shown as a separate vane but could be formed inte- 
grally with the central cowling 48 and outer shell 50 if desired. The alternative vane 84 is 
10 distinguished by not having a reinforced portion at Us trailing edge, but rather, having a 
double bend or crimp section 86 that serves both to stiffen the trailing edge of the vane 84 
and to provide a bearing portion 88 (Fig. 8) on the tab 90 that allows control of the tab 90 
by the slot 66 and permits twisting and axial movement of the tab 90 within the slot 66. 

15 Yet another alternative prewhirl generating vane 92 is illustrated in FIGS. 9 and 10. 

The alternative vane 92 has a tab 94 that can be received into the slot 66 in the ring 30, and 
the tab 94 includes a pair of oppositely directed arcuate indentations 96, which are gener- 
ally hemispherical in shape. The indentations 96 form curved outer surfaces 98 that bear 
against the inner walls of the slot 66 when the ring 30 is moved to deflect the vane 92 and 

20 generate prewhirl flow. While it will be recognized that a single such arcuate indentation 
96 would perform the desired function, the pair of oppositely directed indentations 96 illus- 
trated in FIGS. 9 and 10 is preferred because they provide for better guidance of the tab 94 
within the slot 66 in either direction. 

25 Alternatively, as can best be seen in FIGS. 11,12 and 13, rather than having a tab 

64 extend from the vane 46 into a slot 66 in the ring 30, the slot 66 can be eliminated, and 
the ring 30 can be provided with a pair of tabs 100 extending from the ring 30 into the 
channel 34 and arranged to be disposed on either side of each vane 102. The vanes 1 02 do 
not have a tab extending from their radially outer edge 104. Rather, the outer edge 104 of 

30 the vanes 1 02 is received between the tabs 1 00 at about the midpoint of the outer edge 1 04. 
Preferably, the inwardly facing surfaces 106 of the tabs 100 are convex (FIG. 10) so that as 
the ring 30 is rotated in either the clockwise or counterclockwise direction, the tabs 100 
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will bear against and deflect the vanes 102, and the outer edge 104 of the vanes 102 will be 
allowed to move axially between the tabs 100. 

As mentioned above, one of the principal advantages of the present invention is that 
5 it is a lightweight device characterized by simplicity in construction and operation. As 
mentioned, the device of the previous FIGS. 1 through 13 includes only four basic opera- 
tive parts: the prewhirl assembly housing 28, the annular rotatable ring 30, the vane carrier 
assembly 32, and the beveled pinion gear 72. An alternative form of the present embodi- 
ment of the invention is illustrated in FIGS. 14 through 19. As seen in FIG. 14, this form 

10 of the prewhirl assembly, indicated generally at 108, is comprised of only three basic oper- 
ating parts: a prewhirl housing U 0, a vane carrier, indicated generally at 1 1 2, similar to the 
vane carrier 32 of the above embodiment, and a pinion gear 1 14 for causing the vane car- 
rier 1 12 to move telescopically axially toward and away from the prewhirl housing 1 10 by 
cooperation with a rack gear 1 15 on the vane carrier 1 12. With this veiy simple and inex- 

15 pensive arrangement, the need for a rotatable ring 30 has been eliminated. Instead, a num- 
ber of generally helical grooves 1 16 are formed on the inner surface 1 1 S of the prewhirl 
housing 1 10. The grooves 116 serve to guide the trailing edge of vanes 120 in either the 
positive or negative direction as the vane carrier 1 12 is moved axially toward and away 
from the housing 1 1 0, as will be described in more detail below. 

20 

More specifically, as illustrated in FIG. 14, the prewhirl housing 1 10 is comprised 
of three pieces: an attachment section 122 for attaching to the inlet (not shown) of a turbo- 
charger compressor, an outer housing section 124, and an inner section 126. If desired, two 
or more of these sections can be cast or otherwise manufactured integrally with one an- 
25 other, or formed as part of the turbocharger body. The interior surface of the inner section 
and the attachment section combine to foim an intake channel for conducting air to the 
compressor inlet. 

As with the embodiment shown in connection with FIGS. 1-13 above, the vane car- 
30 rier 1 12 is comprised of an outer shell 128, a number of vanes 120, and a central cowling 
130. Preferably, the vanes 120 are formed of a thin sheet metal material and are molded 
integrally with both the outer shell 128 and the central cowling 130, which can be formed 
of a durable plastic material. With this arrangement, the leading edge of the vane 120 is 
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secured to the inner wall of the outer shell 128, and the trailing edge of the vane 120 in- 
cludes a tab 132 that is received in the helical groove 1 16 formed on the inner surface 118 
of the inner section 126 of the housing 1 10, Unlike the axial slots 66 in the annular ring 30, 
the grooves 1 1 6 in the inner section 1 26 are angled with respect to the axis of the prewhirl 
5 assembly 108 and therefore cause deflection of the trailing edge of the vane 120 when the 
vane carrier is moved axially toward or away from the prewhirl housing 1 10. 

In order to provide axial movement of the vane carrier 1 12 toward and away from 
the housing 1 10, a motor 134 (FIG. 15) is mounted on the housing 1 10 by a mounting 

10 bracket 1 36. The motor is arranged to drive the pinion gear 1 14 via a drive shaft 138 con- 
nected to the pinion gear 1 14. When the pinion gear 1 14 is rotated by the motor 134 in a 
counterclockwise direction (as viewed in FIG. 14), the pinion gear 1 14 will cooperate with 
the rack gear 1 15 to urge the vane carrier toward the housing 1 10, or to the right as viewed 
in FIG. 1 4. Conversely, when the pinion gear is turned in the clockwise direction, the vane 

1 5 carrier will be moved to the left, or away from the housing 110, 

When the prewhirl assembly 108 is in the position illustrated in FIGS. 14 and 15, 
the tab 132 is located in an intermediate position in the groove 116, that is, not at either 
extreme end of the groove 1 16, so that at least some movement cither toward or away from 
20 the housing 1 10 is still possible. As can best be seen in FIG. 15, in this position, the vanes 
120 are aligned with the axis of the housing 110 and do not deflect air passing through the 
assembly 108. 

In FTG. 16, the pinion gear 1 14 has been rotated in the counterclockwise direction, 
25 and the vane carrier 1 12 has been moved to the right (as indicated by the arrow). In this 
position, the tabs 132 are moved toward the end of the groove 116 nearest the compressor 
inlet, and maximum deflection is achieved in that direction. It should be understood that 
the grooves 1 1 6 can be arranged to provide any desired amount of deflection in either the 
positive or negative direction. Moreover, the grooves do not need to provide the same 
30 amount of deflection in both directions. Rather, in the preferred embodiment, the grooves 
1 16 are arranged to provide more deflection in the positive prewhirl direction than in the 
negative direction. 
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FIG. 1 7 shows the deflection of the vanes 120 when the vane carrier 1 12 is in the 
position illustrated in FIG. 16. If we assume for example that the prewhirl assembly 108 of 
FIG. 17 is attached to a compressor that rotates in a clockwise direction (as shown in FIG. 
2), then the vanes 120 of FIGS. 16 and 17 have been deflected to produce a clockwise, or 
s positive prewhirl. It is desirable to generate a strong positive prewhirl by moving the vane 
carrier toward, rather than away from, the housing, and therefore, the compressor inlet. To 
accomplish this, the grooves 1 16 are arranged to create maximum deflection of the vanes 
1 20 in the positive direction, and the vane carrier 1 1 2 is moved to a position closest to the 
compressor inlet when the vanes 120 are in the maximum positive prewhirl position. This 
10 is desirable because a strong positive prewhirl has been shown to increase compressor per- 
formance at relatively low flow rates. 

If the pinion gear 1 14 is rotated in a clockwise direction from the position il- 
lustrated in FIGS. 16 and 17, the vane carrier is moved to the left, or away from the hous- 

15 ing 110 and the compressor inlet. As the tabs 1 32 proceed along the grooves 116, the de- 
flection of the vanes 120 in the positive direction decreases until the vane carrier 112 
reaches the position illustrated in FIGS. 14 and 15, where the vanes 120 are in a neutral 
position. If the pinion gear 1 14 Is rotated further in the clockwise direction, the vane carrier 
112 will move further to the left, as shown in FIGS. 18 and 19, and the tabs 132 will mov 

20 further to the left in the grooves 1 16, causing the vanes 120 to be deflected in the negative 
direction. As mentioned above, the grooves 116 can be designed to create any amount of 
deflection in either the positive or negative direction, as desired, but preferably, as illus- 
trated, the deflection created in the negative direction is designed to be less than the maxi- 
mum deflection in the positive direction. This is because it has been shown that even a 

25 weak negative prewhirl can increase the efficiency of a compressor at relatively high flow 
rates. Accordingly, the grooves 116 illustrated in this embodiment are not a uniform helix, 
but rather are shaped to provide an exaggerated deflection in the positive direction when 
the vane carrier 1 12 is moved toward the housing 110, and a smaller deflection when the 
vane carrier 1 12 is moved away from the housing 110. 

30 

An alternative embodiment of the present invention is illustrated in FIG. 20, which 
shows a radial compressor 140 for a turbocharger having a compressor wheel 142 and an 
intake channel 144 that is arranged generally perpendicular to the axis of the compressor 
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140 and the compressor wheel 142. A portion 146 of the intake channel 144 is generally 
rectangular in cross section and is immediately adjacent the compressor inlet 148. A flat, 
thin, deformable plate 150 is secured at its upstream end to a side wall of the rectangular 
portion 146 of the intake channel 144 by fasteners 152 in such a way that, in its undeflected 
5 position, it is secured along the wall of the channel 144 and is completely out of the flow of 
air through the channel 144. In order to negate any inadvertent or undesired prewhirl that 
may have been set up by the conduit leading to the prewhirl generator of the present inven- 
tion, a divider wall 154 can be inserted in the channel 144 immediately upstream of the 
plate 1 50. The divider wall 154 can be fastened in place by fasteners 156, or can be cast or 
la molded as an integral part of the channel 144. 

As can best be seen in FIG. 21, a radial compressor wheel 142 rotates in a clock- 
wise direction as viewed in FIG, 21 to provide compressed air at the compressor outlet 
1 58. The plate 150 is secured flat against a side wall of the intake channel 144 so that in its 

15 undeflected position, the intake channel 144 is completely unobstructed. In addition, a sec- 
ond plate 160 is secured to the opposite wall of the intake channel 144, and in its un- 
deflected position, illustrated in FIG. 21, it is also out of the flow of air through the intake 
channel 144. A C-shaped actuator 162 is positioned behind the plate 150 and behind the 
plate 160 in a C-shaped guide recess 164 concentric with the compressor wheel 142. The 

20 plates 150 and 160 each have respective trailing edges 166 and 168 positioned immediately 
adjacent the ends of the C-shaped actuator 162. The divider wall 154 can be seen in cross 
section in the middle of the channel 144. 

In order to deflect the air flowing through the intake channel 144 in a way to gener- 
25 ate prewhirl to the compressor inlet, as can best be seen in FIG. 22, the C-shaped actua- 
tor 162 is rotated in a clockwise direction as viewed in FIG. 22 through the guide recess 
164 and into the intake channel 144 forcing the trailing end 166 of the plate 150 into and 
across the channel 144, causing the plate 150 to form a curved deflector diverting air trans- 
versely across the channel 144 and generating a positive prewhirl at the inlet of the com- 
30 pressor 140. In order to deflect air flowing through the intake channel 144 to generate a 
negative prewhirl, as can best be seen in FIG. 23, the C-shaped actuator 162 can be rotated 
in a counterclockwise direction through the guide recess 164 and into the intake channel 
144 forcing the trailing end 168 of the plate 160 into the channel 144 and causing the plate 
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160 to form a curved deflector diverting air transversely across the channel 144 in a direc- 
tion opposite that of the plate 150, thereby generating a negative prewhirl at the inlet of the 
compressor 140. 



5 While the combination of the C-shaped actuator 1 62 and the deforraable plates 1 50 

and 1 60 represent the preferred structure for creating the desired prewhirl flow in this em- 
bodiment of the present invention, it will be understood that just the C-shaped actuator 
1 62, or just the plates 150 or 160, using some other actuator, could be used to generate a 
desired prewhirl flow. Referring again to FIGS. 22 and 23, when the C-shaped actuator is 

10 deployed into the intake channel 144, the inside surface 170 of the C-shaped actuator 162 
helps to form a circular chamber 172 immediately adjacent the compressor inlet 148. This 
circular chamber 172 facilitates smooth prewhirl flow to the compressor 140. If either of 
the defonnable plates 150 or 160 were not present, the C-shaped actuator 162 would still 
deflect air flowing through the intake channel 144 to form a positive or negative prewhirl 

15 at the inlet 148. However, a region of eddied or stalled air flow, a "dead zone", would be 
created in the generally triangular region 174 or 176 defined by the wall of the intake 
channel 144, the outside of the C-shaped actuator 162, and where either of the deflected 
plates 150 or 160 would be if they were present. While this arrangement would function to 
create the desired prewhirl flow to the compressor 140, the dead zones 174 and 176 would 

20 be disruptive to smooth flow in the intake channel 144, and would not permit optimum 
operation of the prewhirl generator. 

The C-shaped actuator 162 is shown in more detail in FIG. 24 and is comprised of a 
shaft 178 for turning the actuator, a base plate 180, and an actuator blade 182 shaped to 
25 travel within the channel 164 and having two broad actuating edges 1 84 and 186 for con- 
tacting the plates 150 and 160, respectively, and deforming them into the channel 144. 

In certain circumstances, it may be desirable to be able to generate prewhirl flow in 
only one direction. For example, certain compressors will receive only a minimal benefit 
30 from generation of a negative prewhirl at high speed. Also, in many automotive ap- 
plications, the overriding concern is low cost, and while the benefit of performance en- 
hancement at low speed is valuable, the benefit of a small improvement at high speed may 
not be worth additional cost. In those applications, it may be desirable to provide a low 
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cost prewhirl generator that can only generate prcwhirl in one direction, usually the posi- 
tive direction. 

For this purpose, as shown in FIGS. 25 and 26, a prewhirl generator 180 is shown, 
5 similar to the embodiment of FIGS. 21 through 23, but having only one deformable plate 
190. In this instance, the prewhirl generator 188 is provided with a modified C-shaped ac- 
tuator 1 92 that has a blade only on one side of the actuator 1 92 and which travels in a guide 
recess 1 94 that extends only halfway around the compressor wheel 142. As can be seen in 
FIG. 26, when the C-shaped actuator 192 is rotated clockwise, it deflects the plate 190 
10 transversely across the channel 144 to create a positive prewhirl to the compressor inlet 
148. 

Similarly, as stated above, the deformable plate 190, using some other actuator, 
could be used to generate a desired prewhirl motion to the air as it enters the compressor 

15 140. In the alternative form of actuator shown in FIGS. 27 and 28, a fragmentary portion of 
the intake channel 144 is shown having a single deformable plate 196 secured to one side 
of the channel 144. Rather than having a C-shaped actuator to cause deflection of the plate 
196, an arcuate deflecting actuator 198 is positioned to pass through an opening 200 in the 
wall of the channel 144 adjacent the trailing edge 202 of the plate 196. The deflecting ac- 

20 tuator 192 is supported at the end of a swing arm 204 that is rigidly secured to and pivots in 
response to rotation of shaft 206 at its other end. When the swing arm 204 and actuator 198 
are in the position shown in FIG. 27, the plate 196 lies flat against the wall of the channel 
144, and no deflection of air passing through the channel occurs. When the shaft 206 is 
rotated slightly in the counterclockwise direction, the arcuate actuator 198 moves into the 

25 channel 144 and deflects the plate 196 into the stream of air passing through the channel 
144, as shown in FIG. 28. While this structure has the advantage of being extremely sim- 
ple and lightweight, and this action of the actuator will have the effect of generating a de- 
sired prewhirl flow to the compressor (not shown), this structure has the disadvantage that 
it will tend to create a dead zone 208 of stalled air behind the plate 196. 

30 

To overcome this problem, other alternative actuators can be used. An alternative 
form of actuator and deflector for use in the intake channel 144 is illustrated in FIGS. 29 
and 30. In this example, a flexible membrane 210 is attached to become part of the wall of 
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the intake channel 144. Preferably, a second flexible membrane 212 is attached on the op- 
posite wall of the channel 144, opposite the first membrane 210. The membranes 210 and 
212 can be made from any suitable flexible material such as rubber or a synthetic rubber 
such as neoprene. A pivotable actuator 214 is disposed outside of the channel 144 and can 
5 be rotated toward and into the membrane 210, forcing the membrane 210 into the channel 
144 to deflect air passing to the compressor. Preferably, the actuator 214 has an apex 216 
that, when fully rotated into the channel 144, bears against the membrane 210 approxi- 
mately at its midpoint, forcing the midpoint of the membrane 210 into the channel 144. 
When the actuator 214 is rotated away from the membrane 210, as shown in FIG. 30, the 
10 elastic memory of the membrane 21 0 causes it to assume the same shape as the wall of the 
channel 144, thereby not deflecting air passing through the channel 144. When the actuator 
is moved to its membrane deflecting position shown in FIG. 29, the membrane 21 0 is de- 
flected into the channel 144 as noted above. 

*\ 

15 In a like manner, if desired, a similar actuator 218 having an apex 220 can be 

mounted in actuating association with the second membrane 212. By selectively rotating 
one or the other (or neither) of the actuators 214 and 216, a prewhirl flow to the com- 
pressor inlet can be generated in either the positive, neutral, or negative direction. More- j 
over, as can be seen in FIGS. 29 and 30, when either the membrane 210 or 212 is deflected 

20 into the intake channel 144, the downstream portions 222 and 224 of the membranes 210 
and 212 help to shape part of a prewhirl chamber 226 that is conducive to prewhirl flow 
adjacent the inlet 148 to the compressor 140. That is, the downstream portions 222 and 224 
of the membranes 210 and 212 block off a space that would otherwise have become a dead 
zone behind the deflectors formed by the membranes 210 and 212. 

25 

Yet another form of actuator and deflector for use in the intake channel 144 is 
shown in FIGS. 31 , 32, and 33. In this form of actuator and deflector, an upper deformable 
plate 228 is secured to the inside wall of the channel 144 so that in its undeflected position, 
it is not extending into the flow of air in the channel. A lower plate 230 is connected to the 
30 upper plate 228 by a hinge 232. The lower end of the lower plate 230 is slidably secured to 
the wall of the channel 144 by a pin 234 being received in a slot 236 in the wall of the 
channel 1 44. An arcuate deflecting actuator 238, similar to the actuator 198 shown in 
FIGS. 27 and 28, is arranged outside of the channel 144 and is capable of extending 
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through the wall of the channel 144 to contact the hinge 232. When the actuator is rotated 
into the channel 144, using a mechanism similar to that employed with the actuator 198, 
the upper plate 228 is deflected into the channel 144 causing deflection of the air passing 
through the channel. As can best be seen in FIG. 32, as the upper plate 228 is deflected into 
5 the channel 144, the upper end of the lower plate 230 rotates about the hinge 232, and the 
lower end of the plate 230 moves upwardly along the wall of the channel 144 being guided 

y along the slot 236 by engagement of the pin 234 in the slot 236. With this arrangement, 
when the upper plate 228 is in its air deflecting position in the channel 144, the lower plate 
230 helps to form a prewhirl chamber 240 adjacent the inlet 148 of the compressor 140. 

10 That is, the lower plate 230 helps to create a smooth prewhirl circulation in the chamber 
240 by blocking a space that would otherwise have been a dead zone behind the deflecting 
upper plate 228 causing disruption to smooth prewhirl flow in the chamber 240. 

In the preferred form of this latest actuator and deflector, a second set of upper and 
15 lower plates 242 and 244 are arranged on the opposite side of the channel 144. A hinge 246 
connects the upper and lower plates 242 and 244, and the lower end of the lower plate is 
slidably secured to the wall of the channel 144 by a pin 248 being received in a slot 250. 
An arcuate actuator 252 is arranged to bear against the hinge 246 for the purpose of de- 
flecting the second upper plate 242 into the channel 144. This second set of upper and 
20 lower plates 242 and 244, and their respective actuator 252 function in the same manner as 
set forth above with respect to the plates 228 and 230. That is, if the actuator 238 is re- 
tracted from the channel 144 and the second actuator 252 is rotated into the channel 144, as 
is shown in FIG. 33, then air will be deflected to form a prewhirl in a direction opposite 
that formed when the first actuator 238 is deployed alone, as shown in FIG. 32. 

25 

In yet another embodiment of the present invention, shown in FIGS. 34, 35 and 36, 
the intake channel 254 leading to the compressor inlet 256 includes a divider wall 258 and 
is arranged eccentrically to the compressor inlet 256. In the case illustrated in FIG. 34, the 
eccentric inlet channel 254 is positioned so that if air were received through the channel 
30 254 unobstructed by any diverting vane, the air would form a vortex in a counterclockwise 
direction. In the example illustrated, this would be a negative prewhirl vortex, since the 
compressor wheel 260 rotates in a clockwise direction as viewed in FIG. 34. This counter- 
clockwise vortex creates a relatively weak negative prewhirl because the incoming air is 
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not highly directed, but it has the advantage of unobstructed flow through the channel 254, 
and as discussed above, a relatively weak prewhirl is acceptable in high speed, high flow 
rate conditions. 

3 As in the embodiment shown in FIGS. 25 and 26, this embodiment of the invention 

includes a single deformable vane 262 along the wall of the intake channel 254 furthest 
from the center of the compressor wheel 260. With the vane 262 in its undeflected position 
as shown in FIG. 34, the supply air will form a vortex, or negative prewhirl, as described 
above. Also as shown in the embodiment illustrated in FIGS. 25 and 26, this embodiment 

10 has a C-shaped actuator 264 that moves through a C-shaped guide recess 266 concentric 
with the compressor wheel 260, When the vane 262 is partially deflected, as shown in FIG. 
35, the vortex prewhirl will be substantially suppressed, eliminating any prewhirl to the 
compressor inlet 256. As the vane 262 is deflected further, as shown in FIG. 36, it will 
generate a strong prewhirl motion to the incoming air in a direction opposite to the previ- 

1 5 ous undeflected vortex, or in this example, a positive prewhirl. 

With this arrangement, an extremely simple and lightweight mechanism is provided 
that permits complete control of the flow of supply air to a radial compressor to generate 
positive, negative, or no prewhirl, as required by engine operating demands. This is ac- 
20 complished with a minimum of moving parts making the prewhirl generator of the present 
invention inexpensive to manufacture and reliable and durable in operation. 

Various modifications and changes may be made by those having ordinary skill in 
the art without departing from the spirit and scope of this invention. Therefore, it must be 
25 understood that the illustrated embodiments of the present invention have been set forth 
only for the purpose of example, and that they should not be taken as limiting the invention 
as defined in the following claims. 

The words used in this specification to describe the present invention are to be un- 
30 derstood not only in the sense of their commonly defined meanings, but to include by spe- 
cial definition, structure, material, or acts beyond the scope of the commonly defined 
meanings. The definitions of the words or elements of the following claims are, therefore, 
defined in this specification to include not only the combination of elements which are 
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literally set forth, but all equivalent structure, material, or acts for performing substantially 
the same function in substantially the same way to obtain substantially the same result. 

In addition to the equivalents of the claimed elements, obvious substitutions now or 
5 later known to one of ordinary skill in the an are defined to be within the scope of the de- 
fined elements. 

The claims are thus to be understood to include what is specifically illustrated and 
described above, what is conceptually equivalent, what can be obviously substituted, and 
1 0 also what incorporates the essential idea of the invention. 
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We claim: 

1 . An apparatus for generating prewhirl of supply air to the inlet of a radial compres- 
sor comprising: 

5 a housing for said prewhirl generating apparatus, said housing being mounted adja- 

cent said inlet of said radial compressor and forming an intake channel for supply air in 
communication with and leading to said compressor inlet, said intake channel being pre- 
ferred to be generally perpendicular to the axis of said compressor and said deformable 
vane is mounted along a wall of said channel so that in its undeflected position, and said 
10 vane does not deflect air passing through said channel; 

a deformable air deflecting vane positioned in said intake channel, said vane having 
a leading edge and a trailing edge, said leading edge being fixed in said channel, and said 
trailing edge being free to be deflected with respect to said channel to deflect air passing 
through said channel and being preferably reinforced for stiffness, said reinforced trailing 
15 edge being particularly an area of increased thickness of said vane along said trailing edge 
and/or being a crimp along said trailing edge; and 

means for selectively deflecting said trailing edge of said vane so that said vane will 
deflect air passing through said ohannel to generate a prewhirl flow in either the positive, 
neutral, or negative direction at said inlet of said compressor. 

20 

2. The apparatus of claim 1 wherein said vane comprises at least one of the following 
characteristics: 

a) said vane, in its undeflected position, is arranged in line with normal flow 
through said channel and does not deflect air flowing through said channel; 

25 b) said trailing edge of said vane can be deflected in a first direction to generate 

said positive prewhirl flow or in a second direction to generate said negative prewhirl flow; 

c) said means for deflecting said vane is an annular ring within said housing ar- 
ranged to rotate around said channel in a plane perpendicular to the direction of said air 
passing through said channel, said ring being in contact with said vane to mechanically 

30 deflect said vane either in a positive or negative prewhirl direction in response to rotation 
of said ring around said channel, timber characterized in that said ring has at least two tabs 
extending radially inwardly to receive said vane therebetween and to effect deflection of 
said vane upon rotation of said ring. 
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3. The apparatus Of claim 1 or 2, wherein said means for deflecting said vane is an 
annular ring within said housing arranged to rotate around said channel in a plane perpen- 
dicular to the direction of said air passing through said channel, said ring being in contact 
with said trailing edge of said vane to mechanically deflect said trailing edge of said vane 
either in a positive or negative prewhirl direction in response to rotation of said ring around 
said channel, wherein preferably at least one of the following characteristics are provided: 

a) said vane, in its natural undeflected position, is arranged in line with normal flow 
through said channel and does not deflect air flowing through said channel, and, in particu- 
lar, said trailing edge of said vane can be deflected in a first direction to generate said posi- 
tive prewhirl flow or in a second direction to generate said negative prewhirl flow; 

b) said ring contacts said trailing edge of said vane at a contact area near the ra- 
dially outer corner of the trailing edge of said Vane, said contact area being received in a 
generally axially oriented slot in said ring, whereby upon rotation of said ring in a first 
positive direction around said channel, said vane is deflected to a position that deflects air 
flowing through the channel into a positive prewhirl flow at the compressor inlet, and Upon 
rotation of said ring in a second negative direction around said channel, said vane is de- 
flected to a position that deflects air flowing through the channel into a negative prewhirl 
flow at the compressor inlet, 

wherein said contact area is preferably a tab extending from the radially outer cor- 
ner of the trailing edge of said vane, and said tab includes means for contacting said slot in 
a way that allows control of said trailing edge of said vane to effect deflection of said vane 
while permitting twisting of said tab in said slot to accommodate deflection of said vane, 

and said slot has, in particular, lateral walls for contacting said tabs, wherein said 
tab, if desired, has at least one generally convex lateral bearing surface for contacting said 
wall, and wherein, for example, said tab has two lateral bearing surfaceson opposite sides 
of said tab for contacting opposite lateral walls of said slot and/or said trailing edge has a 
crimp and said crimp extends through said tab forming said generally convex lateral bear- 
ing surface, and wherein said lateral bearing surfaces are optionally generally hemispheri- 
cal; 

c) said means for deflecting said vane includes a pinion gear cooperating with a 
rack gear on said ring to rotate said ring in either a first rotational direction or a second 
rotational direction. 
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4. The apparatus of any of the preceding claims, wherein said leading edge of said 
vane is circuraferentially fixed in said channel and said trailing edge is free to bo deflected 
circumferentially in said channel and wherein said intake has a generally helical groove, 
5 further characterized in that said leading edge of said vane is affixed to a vane carrier that 
is restricted from rotation in said channel but is free to move axially in said channel, and 
wherein said trailing edge of said vane has a tab extending radially outwardly, said tab be- 
ing received in said groove, and said means for deflecting said vane is operative to move 
said vane carrier axially within said housing to cause said tab to move axially within said 

10 groove, thereby causing circumferential deflection of said trailing edge of said vane, 
wherein at least one of the following characteristics is preferably provided: 

a) said vane carrier includes preferably a rack gear and said means for deflecting 
said vane is a pinion gear mounted on said housing for cooperation with said rack gear on 
said vane carrier to move said vane carrier axially in said housing; 

15 b) said grooves have axial ends, said vanes are aligned with normal flow through 

said channel and do not deflect air passing through said channel when said vane carrier is 
in an axial position to place said tab in a position in said groove intermediate of the axial 
ends of said groove; 

c) axial movement of said vane carrier toward said inlet causes deflection of said 
20 vane in a first direction, and axial movement of said vane carrier away from said inlet 
causes deflection of said vane in a second direction, 

wherein deflection in said first direction causes preferably positive prewhirl flow at 
said inlet, while deflection in said second direction causes negative prewhirl flow at said 
inlet, said intermediate position of said tab in said groove, in which said vanes do not de- 
25 fleet air passing through said channel, being, in particular, closer to the axial end of said 
groove away from inlet than the end nearest said inlet, said groove being optionally ar- 
ranged to provide a greater deflection of said trailing edge of said vane when said vane 
carrier is moved toward said inlet than when the vane carrier is moved away from said 
inlet. 

30 

5. The apparatus of any of the preceding claims, wherein said means for deflecting 
said vane is an actuating arm positioned outside of said channel adjacent said trailing edge 
of said vane and extendable into said channel to engage said trailing edge of said vane and 
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to deflect said vane into said channel, thereby positioning said vane to deflect air passing 
through said channel, wherein at least one of the following characteristics is preferably 
provided: 

a) said actuating arm is a C-shaped actuator received in a C-shaped recess in said 

5 housing and is rotatable through said recess to extend into said channel to deflect said vane 

into said channel; said C-shaped actuator, said C-shaped recess, and said compressor inlet 
, being preferred to be generally circular and are concentric, and being particularly further 
characterized in that when said actuator is extended into said channel to deflect said vane 
into said channel, said vane deflects air flowing through said channel to generate a prewhirl 
10 flow at said inlet, and said C-sliaped actuator forms a generally circular chamber for said 
prewhirl flow adjacent said inlet; 

b) the apparatus includes two vanes on opposite sides of said channel, and further 
includes means for deflecting said each vane, said means being operative to deflect a first 
vane to generate a prewhirl flow in a first direction and to deflect a second vane to generate 

15 a prewhirl flow in a second direction, 

said actuating arm being preferably a C-shaped actuator received in a C-shaped re- 
cess in said housing and is rotatable through said recess to extend into said channel to de- 
flect said vane into said channel, further characterized in that said apparatus includes two 
vanes on opposite sides of said channel, and said C-shaped actuator is operative to deflect 
20 either vane into said channel. 

wherein said C-shaped actuator, said C-shaped recess, and said compressor inlet are 
preferred to be generally circular and are concentric; 

and being particularly further characterised in that when said actuator is extended 
into said channel to deflect said vane into said channel, said vane deflects air flowing 
25 through said channel to generate a prewhirl flow at said inlet, and said C-shaped actuator 
forms a generally circular chamber for said prewhirl flow adjacent said inlet; 

c) said actuating arm is an arcuate deflecting actuator attached to a swing arm 
mounted to swing about a pivot to extend said actuator into said channel and deflect said 
vane into said channel; 

30 d) said vane is a flexible membrane and said actuating arm is a pivotable actuator 

having a contact point for contacting said membrane and arranged to pivot into said chan- 
nel in contact with said membrane thereby deflecting said membrane into said channel, 
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the apparatus being preferably further characterized in that when said pi votablc ac- 
tuator is pivoted into said channel, said contact point contacts said m rnbran at about its 
midpoint, and a portion of said membrane on one side of said contact point forms said air 
deflecting vane, and the portion of said membrane on the other side of said contact point 
5 forms a prewhirl chamber adjacent said inlet; 

e) said trailing edge of said vane has an attachment means to which is attached the 
leading edge of a lower plate, said actuating arm contacts said trailing edge of said vane 
adjacent said attachment means, and said trailing edge of said lower plate is arranged for 
sliding engagement with the wall of said channel, whereby when said actuating arm is 

10 moved into said channel to deflect said vane into said channel, the leading edge of said 

lower plate follows said trailing edge of said vane into said channel, and said trailing edge 

of said lower plate slides along said wall of said channel, 

wherein the apparatus is preferably further characterized in that when said leading 

edge of said lower plate follows said trailing edge of said vane into said channel, and said 
13 trailing edge of said lower plate slides along said wall of said channel, said lower plate 

forms a prewhirl chamber adjacent said inlet; 

f) the apparatus is further characterized in that a divider wall is provided in said 
channel upstream of said vane. 

20 6. The apparatus of any of the preceding claims, wherein said inlet is generally circu- 
lar and said intake channel is eccentric to the center of said inlet, and wherein at least one 
of the following characteristics is provided: 

a) said vane is attached to a wall of said channel farthest from said center of said 
inlet, and when said vane is in its undeflected position, it does not deflect air passing 

25 through said channel, and a prewhirl flow is generated at said inlet, wherein preferably the 
prewhirl flow generated when said vane is in its undeflected position is a negative prewhirl 
flow; 

b) said vane is attached to a wall of said channel farthest from said center of said 
inlet, and when said vane is deflected to an intermediate position, said vane creates an ab- 

30 sence of prewhirl flow at said inlet; 

c) said vane is attached to a wall of said channel farthest from said center of said 
inlet, and when said vane is fully deflected into said channel, said vane creates a positive 
prewhirl flow at said inlet. 
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7. The apparatus of claim 6, wherein said means for deflecting said vane is an actuat- 
ing arm positioned outside of said channel adjacent said trailing edge of eaid vane and ex- 
tendable into said channel to engage said trailing edge of said vane and to deflect said vane 
5 into said channel, thereby positioning said vane to deflect air passing through said channel, 
ftirther characterized in that said actuating arm is a C-shaped actuator received in a C- 
shaped recess in said housing and is rotatable through said recess to extend into said chan- 
nel to deflect said vane into said channel. 

10 8. The apparatus of claim 7, wherein said C-shaped actuator, said C-shaped recess, 
and said compressor inlet are generally circular and are concentric. 

9. The apparatus of claim 8, further characterized in that when said actuator is ex- 
tended into said channel to deflect said vane into said channel, said vane deflects air flow- 
15 ing through said channel to generate a prewhirl flow at said inlet, and said C-shaped actua- 
tor fomis a generally circular chamber for said prewhirl flow adjacent said inlet. 
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Abstract of the Invention 

5 

A prewhirl generating apparatus (26) is provided that employs deformable air deflecting 
vanes (46) adjacent the inlet (18) of a radial air compressor (1 2-22), which vanes (46) can 
be mechanically deformed to generate positive, neutral, or negative prewhirl flow to the 
compressor. A minimum number of parts are used to position one or more thin, deformable 
10 vanes (46) in the intake channel (34) leading to the compressor inlet (1 8). In their unde- 
formed position, the vanes (46) do not deflect the incoming air, thereby causing little or no 
flow restriction. To achieve the desired positive ot negative prewhirl of flow to the com- 
pressor (12-22), the trailing edge (62) of the vanes (46) are deflected transverse to the di- 
rection of flow in the channel (34) in cither the positive or negative direction. 



(Fig. 1) 
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Fig. 8 
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